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In  studying  the  potential  differences  in  plant  cells it is  desirable 
to alter the solutions in contact with the protoplasm, not only at the 
outer surface, but at the inner or vacuolar surface as well, since this 
may differ from the outer in its properties.  Such interior  alteration 
may be done experimentally  (to be described in other papers of this 
series),  or  by  the  comparison  of  different  species  essentially  alike 
except for different vacuolar saps.  A  striking case of such a  natural 
experiment is available in the two known American  species of HaIi- 
cystis.  H. Osterhoutii of Bermuda has a cell sap differing only slightly 
from sea water in composition ;1 H. ovalis, of the Pacific Coast, on the 
contrary  accumulates  potassium  (as  chloride)  to  some thirty  times 
its concentration  in  the  sea water3  These two species differ other- 
wise  only  in  minor  details  of  morphology.  3,4  They  thus  offer  an 
excellent opportunity to test the internal  effect of a  salt so generally 
active bioelectrically as potassium chloride. 
Has H. ovalis a  relatively high positive potential,  like Nitella, as a 
result  of  the  high  potassium  content  of  its  sap?  Or  does  it,  like 
another  marine  plant,  Valonia,  have  a  small  negative  potential? 
What part of the observed potential is due to the potassium concentra- 
tion gradient, what to an independent, internal gradient or asymmetry 
*  Blinks, L. R., and Jacques, A. G., J. Gen. Physiol., 1929-30, 13, 733. 
Brooks, S. C., Proc. Soc. Exp. Biol. and Mecl., 1929-30, 27, 209. 
a Blinks, L. R., and Blinks, A. H., Bull. Torrey Bot. Club, 1930-31, 57, 389. 
* Smith, G. M., Observations on some siphonaceous green algae of the Monterey 
Peninsula, in Contributions to marine biology, Stanford University Press, 1930, 
222. 
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in  the  protoplasm?  Finally,  of critical  importance  to  the  theory  of 
accumulation of electrolytes,  does potassium ion have a  higher mobil- 
ity in  the  protoplasm  of H.  ovalis  where  potassium  is  accumulated, 
than in H. Osterhoutii where it is not accumulated? 
In answer  to these  questions,  comparisons  are  given in  this  paper 
between  the  potentials  observed  with  tt.  Osterhoutii  and  H.  ovalis 
under similar experimental  conditions. 
Method 
The method of impalement and measurement has been described elsewhere  in 
more detailJ  Fine glass capillaries,  filled  with artificial sap, were inserted from 
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Fro.  1.  Potential difference across the protoplasm of Halicystis  ovalis immedi- 
ately after impalement.  The growth of I,.9.  in g.  Osterhoutii is essentially  the 
same.  Cells in sea water. 
above into the cells,  which were supported below on glass rings,  e  Measurement 
was  by compensation,  the  null  instrument  being  a  vacuum  tube  electrometer 
drawing  no  appreciable  current.  Saturated  KCl-calomel  electrodes  with  KC1 
salt  bridges  were  employed  for  accurate  measurements.  For  convenience  in 
rapidly measuring a series  of impaled cells, silver wire electrodes were sometimes 
used.  These were frequently recoated electrolytically with chloride.  They gave 
potentials not over 1 my. apart when both were in equilibrium with sea water, or 2 
5 Blinks, L. R., J. Gen. Physiol.,  1929-30, 13, 223. 
6 Damon, E. B., J. Gen. Physiol.,  1931-32, 15, 525, gives an illustration of this 
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or 3 my. apart when one was in artificial sap.  These corrections were applied to 
the readings.  When natural sap was applied externally to the cells, it was found 
that the silver electrode could not be immersed directly therein without giving very 
erratic readings; the chloride was possibly reduced by some organic substance of 
the sap.  (This would constitute a very serious objection to the insertion of silver 
electrodes, such as Sen's microelectrode,  ~ directly into cells.)  A guard tube was 
therefore employed in these cases,  the electrode being kept in artificial sap, which 
communicated with the natural sap through an agar-fiiled capillary. 
The cells were usually between 5 and 10 ram. in diameter, and frequently had a 
bit of the Lithathamnium substrate still attached  to the pedicel.  Cells in active 
reproduction were not used, but the potentials of those impaled a day or two after 
reproduction did not differ markedly from those which had recovered for longer 
periods.  Subsequent  reproduction  did  not  usually  occur while  the  cells  were 
impaled, although they might live as long as 2 or 3 weeks, i.e., over one reproductive 
period. 
Since neither calcium nor magnesium content was included in the analyses  ~,8 of 
It. ovalis sap available at the time of experimentation, artificial sap could only be 
made up approximately.  This was done by mixing 1.5 parts of 0.5 ~  KC1 with 1 
part of sea water, giving the ratio K  +  Na  --  1.5,  found  by  Brooks3  That 
this was a fair approximation was shown by the similar behavior of such artificial 
sap and of natural sap extracted from the cells. 
Throughout this paper  the potentials given are those of the outside solution, 
this being positive to the sap in the external circuit  (positive current tending to 
flow outward across the protoplasm).  In the figures these positive potentials are 
plotted below the zero line in conformity with  the convention for  Valonia and 
Nitdla in this Laboratory.  This is the reverse of the plotting used in the first 
paper  5 of this series.  Change of solution is indicated by arrows. 
Comparison of Potentials in Sea Water 
Immediately  after  the  impalement  of  cells  of  either  species  of 
Halicystis,  there  is  zero  potential  difference,  or  at  most  a  few milli- 
volts,  measurable  between  sap  and  sea  water.  But  (as  shown  for 
tt.  ovalis in  Fig.  1),  this  rapidly increases,  reaching in  the  course  of 
30 to 60 minutes a  maximum which is then maintained  during the life 
of  the  cell,--as  long  as  2  or  3  weeks.  There  are  subsequent  small 
fluctuations from day to day, but the potential of healthy cells seldom 
goes below 50 my. (except when conditions are experimentally altered), 
nor does it much exceed 90 my.  In general the potential of H. Oster- 
houtii lies between  60 and 75 my.; that of 11. ovalis somewhat higher, 
T  Sen, B., Proc. Soc. Exp. Biol. and Med., 1929-30, 27, 310. 
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between  70  and  85  my.  The  figures  given  in  Table  I  were  ob- 
tained from a  group  of  several  hundred  readings  for  each  species 
(all after at least 1 day's impalement) ; partly from routine determina- 
tions of all cells impaled at any given time (taken each day or two), 
partly from the initial readings obtained with cells before experimenta- 
TABLE  I 
Comparison  of Potential Differences  across the Protoplasm  of Impaled Cells  of Two 
Species  of Halicystis 
H. ovalis (1931) .......................... 
H. Osterhoutii (1930) ...................... 
(1931-32) ................... 
Mean 
value 
79.7 
65.6 
68.4 
Average 
deviation o~ 
readings 
+5.0 
~9.1 
+4.2 
No. of 
readings 
270 
150 
130 
Probable 
error  of 
mean 
q-0.25 
±0,63 
±0.3 
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FIG. 2.  Potential difference across the protoplasm of 11. ovalls in sea water and 
in freshly extracted natural sap. 
FIG. 3.  Potential difference across the protoplasm of 11. ovalis in sea water and 
in artificial sup. 
tion.  The  readings below 50 inv.  were  discarded in  computing the 
mean, since almost invariably these were accompanied with evident 
injury,  the  cell  usually dying the  same  day,  with  rapid  decline  of 
potential to zero.  They thus represent,  in  the  author's opinion,  as 
nearly as possible a  fair sample of healthy cells of each species.  The L.  1~.  BLINKS  151 
values for I1.  Osterhoutii  for  1931-32  should be  given more  weight 
than those for 1930, since the technique was better, and the average 
deviation less.  We assume therefore that the mean potential differ- 
ence across the protoplasm of H. ovalis is about 12 my. more positive 
than across  that of It.  Osterhoutii,  each being immersed in  the  sea 
water of its accustomed environment and measured under the same 
general  conditions of experimentation, e.g.  temperature  (15-20°C.), 
illumination (diffuse north light in the laboratory), pH (8.1),  etc. 
The External Application of Potassium Chloride 
Since the higher positive potential occurs in H.  ovalis,  the species 
containing the higher concentration of KC1, it is interesting to know 
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Fla. 4. Potential difference  across the protoplasm of h  r. ovalis in sea water and 
during successive applications of natural sap.  Artificial  sap is  substituted for 
natural sap during the second exposure. 
how much of it is due to that salt.  This is determined by abolishing 
the gradient of KCI concentration across the protoplasm.  Solutions 
containing 0.3  ~  KCI  (approximately the amount in  the  sap  of H. 
ovalis)  were applied (maintaining the necessary physiological balance 
with  salts  of  calcium  and  magnesium).  The  effects  of  applying 
natural sap and artificial sap to H.  ovalis are shown in Figs. 2 to 5. 
There is first a rapid decrease of potential, followed by a slower increase 
during which the potential is again built up, usually to about 60 my., 
but in a few cases nearly equaling the original potential in sea water. 
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sides of the protoplasm,  the observed potential in sea water must be 
largely protoplasmic,  the  potassium  potential  contributing  at  equi- 
librium  only 20  inv.  out of nearly 80,  and  often less.  Very similar 
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FIG. 5.  Potential difference across the protoplasm of H.  ovalis in sea water and 
artificial sap, showing reduced effect of second exposure. 
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FIO. 6.  Potential difference across the protoplasm of H. ovalis in normal sea water 
and in potassium  sea water (artificial sea water in which potassium  is substituted 
for sodium). 
curves (Fig. 6)  are obtained when potassium  sea water  (artificial sea 
water in which the sodium is entirely replaced by potassium  so that 
KC1  =  0.5  M)  is  applied  externally,  a  large  positive  potential  per- L.  R.  BLINKS  153 
sisting  even  though  the  gradient  of  potassium  concentration  is 
now reversed. 
However,  because  the  gradient  of potassium  chloride contributes 
only  partially  to  the  observed  steady  potential  across  the  proto- 
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FIG. 7.  Potential difference across the protoplasm of H. Osterhoutii  in normal 
sea water and in artificial sea water containing (a) no sodium, (b) no potassium. 
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Fic. 8.  Potential difference across the protoplasm of H.  Osterhoutii  in normal 
sea water and in potassium  sea water (sodium replaced by potassium). 
plasm, it is not to be assumed that K + ion has a low mobility therein 
(or one nearly equal to that of the anion).  On the contrary, if KC1 
diffused  extremely  readily  into  the  protoplasm,  so  that  the  latter 
soon contained nearly as high a  concentration of this salt as the sap, 
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(cf.  Damong).  That  this may happen is indicated by the behavior 
when potassium chloride is applied externally, the rapid lowering of 
potential probably being due to the diffusion potential, the recovery 
to the disappearance of the gradient as diffusion proceeds.  From the 
maximum height of the upward cusp, therefore, could be calculated 
at least a  minimum mobility for potassium ion, relative to chloride, 
and this would have rather a  large value, just as in  Valonia?  But 
except where the curve flattens out well, the author is inclined to be- 
lieve such calculations rather doubtful in significance, since the height 
may depend largely upon the speed with which one solution is sub- 
stituted for another. 
A decreased effect of solutions containing potassium chloride is seen 
when one exposure quickly follows another, with only a  short inter- 
vening sojourn in sea water (Figs. 4 and 5).  This might also indicate 
that potassium has entered the protoplasm to  a  considerable extent 
during the first exposure, and has not rapidly diffused out again. 
In order to  compare the  two species,  the same experiments were 
performed with H. Osterhoutii,  in which potassium has essentially the 
same effect.  Figs. 7 and 8 show such experiments.  There is again a 
large but temporary decrease of the positive potential, followed by a 
rise in which the potential is built up to a  value about 20 or 30  my. 
lower than the original value.  Here again we may assume that the 
cusp represents the diffusion potential of KC1, and the recovery, the 
diffusion of  KC1  into  the  protoplasm  (and  probably  also  into the 
vacuole).  The  behavior  is  practically identical in  the two  species 
except that  potassium  ion may have  even a  higher mobility in  H. 
Osterhoutii. 
The Interior Alteration of Potassium Content 
We might therefore assume that if the sap of tt. Osterhoutii  could 
in  some  manner  be  increased  in  potassium  content,  the  potential 
across the protoplasm would become higher.  This  assumption  has 
been  recently justified  by  a  simple  method of  vacuolar  irrigation, 
which will be more fully described in another paper dealing with the 
experimental alteration of cell sap.  For present purposes it may be 
said that it  has proved possible  to  mix the fresh natural sap of /7. 
9  Damon, E. B., J. Gen. Physiol., 1929-30, 13, 207, and unpublished results. L.  R.  BLINKS  155 
Osterhoutii with an equal volume of 0.6 M KC1 solution, thereby raising 
its potassium content approximately to that of H. ovalis.  When this 
mixture is irrigated through the cells of H. Osterhoutii,  the potential 
across the protoplasm often rises from 65 mv. to 80 inv. or more, and 
in some cases has remained at 75 inv. for several days thereafter.  This 
indicates that potassium has much the same effect on the inner sur- 
faces of the protoplasm of both species, and that the higher potential 
of H. ovalis is probably largely due to the higher potassium content of 
its  sap.  The  reverse  experiment,  remaining  to  prove  this,  would 
involve the lowering of KC1 in the latter species.  But to bring this 
down to the level of H. Osterhoutii would require a 30-fold dilution of 
natural sap with isotonic NaC1, etc., an amount which the cells have 
so far not been found to endure.  Were both species simultaneously 
available, the fresh sap of H. Osterhoutii could probably be substituted 
in the cells of H. ovalis without difficulty, just as that of Valonia can 
be irrigated through H. Osterhoutii.  It is hoped that this experiment 
may be performed in the future. 
CONCLUSION 
It should be pointed out that these experiments do not favor the 
hypothesis that potassium is accumulated more in some plants than 
in others because its ionic mobility is higher in their protoplasm.  In 
the two species of Halicystis, the electrical effects of potassium (hence 
probably its ionic mobility) are almost identical, or slightly larger in 
H.  Osterhoutii.  Yet  H.  ovalis  accumulates  KCI  some  30-fold,  H. 
Osterhoutii not at all. 
For their kind invitation to work at Pacific Grove, and for the use 
of the facilities of the Jacques Loeb Laboratory, the author is deeply 
indebted to Dr. W. K. Fisher, Director of the Hopkins Marine Station, 
and to Dr. G. J. Peirce, executive head of the Department of Botany, 
Stanford University. 
SUMMARY 
The potential difference across the protoplasm of impaled cells of 
two  American species of Halicystis  is  compared.  The  mean value 
for H. Osterhoutii is 68.4 inv.; that for H. ovalis is 79.7  mv., the sea 
water being positive to the sap in both. 156  PROTOPLASMIC  POTENTIALS  IN HALICYSTIS.  II 
The higher potential of H.  ovalis is apparently due to  the higher 
concentration of KC1  (0.3  ~t)  in  its  vacuolar sap.  When  the  KC1 
content of H. Osterhoutii sap (normally 0.01 ~r or less) is experimentally 
raised to 0.3 M, the potential rises to values about equal to those in 
H. ovalis. 
The external application of solutions high in potassium temporarily 
lowers the potential of both, probably by the high mobility of K + ions. 
But a large potential is soon regained, representing the characteristic 
potential of the protoplasm.  This is about 20 my. lower than in sea 
water. 
The accumulation of KC1 in the sap of H. ovalis is  apparently not 
due to the higher mobility of K + ion in its protoplasm, since the elec- 
trical effects of potassium are practically identical in H. Osterhoutii, 
where KC1 is not accumulated. 